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mi^^^mmMm'tim'^\^^ 75-500: 0-500. 

^^^>/f^]^M^J^ltit^*liij^ 80-500: 10-500. 
^^M^j^M^J^ttit^tbk^ 90-500: 20-500. 
10 *^^i^jtM^J^tl:it>^*bk^ 100-500: 25-500. 

ttf-, ■i|J:^ji'ai#l^(T#li^: ^^^<^t^§-^ 75-500 tft^, 
±n^^^^m\ 0-500 tt^e'5g^)^-fa#^;!Kt> ^ pHitlfiil^^iriJ 
l^iS^T^J^tpH^iL 5 5.0-8.5^, 

MM^^^XT%^^^-m^^: ttSl. ib^t. t'f^i^. 
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10 ^m^^ s^m. dna m^^, dna m-^bi^^ t, 

( tillill^,-^ 2001 31 4f 4 ^ ) 

lit, ^f-^m^'^^^mM^^ijki^. m^^m^^$\x 
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iji Bji ^ %2/m 



mA\^%%mmM.mt.^\m^^% 75.500:0.500. 
m,m%^Hi^m.mm%^K\m'k^^A% 80-500: 

10-500, 3^^90-500: 20-500, tt; 4^ 100-500: 25-500. 

-y-^n. diiisi. %\m^ IL#. 

m^mf, T^^>i^^l^XT#Kl: mt^^^t?^^ 75-500 tt^, 
10 0-500 tt#i^ji*i^yi#^;jtt, ilPA 

0.1%-1.0% (w/v) il^4t^7j'|ii^, ';ic>^;||P^T^# 20-30^^, 
tifi, itii«. 1^pHlSM 5.0-8.5 . I^X0.22Mm^:5Li^ititi^|5^t, 

15 ^: tf:^. mm^ m iam^\ * 

(2) 4^ ( 1) j^mmm7i^^\o.i%-\.o% (w/v) mfM 
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Tt'lii^, ^»^T^# 20-30 ^mM^Mi, ^mmR, m pH 
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(3) mm^n^i¥Tm\^m^, 
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m^^'f:)?.^?^-^ 100mgJt#ES|50mg,i;PA^iJ lMLyilt.^;!Kt , 
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#mt> a^^^^i^m^Ht^^f^^it 20 /jNBt^. Hit, 'fel^BP 

1^tl^J*^T75M (4500±500Lx). (601CX HES 
90 ±5%) m^ia^T^i 
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5 2: 

M&^^ti^^ 200mg 75mg, iiP AfiJ 2ML y± t . 

m^f^i^mM, ^KS.0.5%(w/v) 6^ffi«PA7^'li^, 30X:^#30ie^ 

10 ;^A^a>^7^-201c6^^jr^•T•^I*I^^TW^, ^#^^^i^#f*i^^^ 

^5 13.33Pa ^XT^I^^^^#L, 5tii^E^T6^ilP«l^ttifP^, 
-^^^fi^jfllfl. ^^i^^fM^rA. >^M^^^^^\ - 33X: , 11 yjNBt, 

Hit, 'fe^gp#;^lB>^6^lL^<^t^§-^^i=-^j^j. 

l^;*fe#J 3: 

^^rn^fi^^ 500mg At'ft^ 150mg. 100 mg. 
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200mg, ^L^SOmg, ^PAfiJ 3ML yilt^;^4^ , 

1.0% (w/v) 6^^tilPX^'|i*, 401C^#20^#, ifPA 

#^t^+73Li)^t6*/ pH 5.0, mnm 022^mmmm 

5 >5/-25X:6^^>i^tp^^;ftW>, ##^r^1=■#^*^*^>^f|-S 13.33Pa I^XT 

^ ^ BP # 6^ ^ ^ 1 5^ ^ . 
^;Jfe^J 4: 

J^&^^^t?^^ lOOmg i/PAfiJ 2.5ML 
15 ^, ^RS. 1.0% (w/v) 6^^»ilPAy^'|i.^, 40icm#20^#, J3J(.i^at 
J^^. ;<IPAll^l^)^7^6^/pHitS7.5, fmMm 0.22|im#:jLiiMii 

^^-so-cmf-n^mm^. i3.33Pai.x 

201C. «^#ij|E 3o-ci.;^T. i^W^^&^^^^^n, BP 

i^1^;^^^.>m^a>^i^5D-33lC, #^Ml2/^0^, $LII:. ill#, 
25 'fe^BP#;2|^i^H.^6^^^<:^t?§>^^^.i-fiJ^J. 

^Mi^M^^ 100mg^;^;^||^50mg, IMLyt^M^ 
^#1!^^^^, m 1,0% (w/v) S^^tiPA^lii^, 25t;^# 
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^;^^J 6:. 

:|llL^^^ty§'^ lOOmg^t-f^i^TSmg. iiPXi!|2.4ML7ilt^;(K 
^RS^ 1.5% (w/v) 6^^1:;(fPA^'|ii^, 30X:^# 
40 i/PA4tiL-^1^3^7^6^ pH^S 6.5, 

}*l*^>^^S 13.33Pa I'XT^I^^*^, ^^^^¥.T^i}^§i^^Wi 
5€^^ii55^-20X:, i5i^^6^;^^|fepf^4^, #^^4^^;t2O>jN0t, 

#i^t7M^t]^ 351C. 30X:i.XT, 1S# 

7: 

25 mi&gt^:J^t?^^ 150mg^-y-3|@| 50mg. t^^^ 50mg, ifPAfiJ 

3MLyili>^^t, ^#^^)&)^, ^RS, 0.5% (w/v) ^^^SifPATtli 

i^, 2ot:^#40i^^#, ^\m^=imm^piim 

5.5, ^#i^7gL^0.22Mmt^i^it3tiig^t. tJ^-^ft. ;^i&t^# 
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^ 10TCID50HSV - 2t^^/> B^it,#K ^0. 031111 ^ 

N-,^-ia p mt^^^ t ?^^25mg/ kg, :^-ia#i^yijN-^^^ 

#^2 ^, i^n)^^mm\5^, #^iej:/>JLi$^HSV.r2^^T:|^ 
y^0^- ;5iH^li^i^^7^B|^) -;JtRsjiip.i^^y^ 0^x100%. 
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15 ^^*B^7ilt^<Jtt^§-^^pJt<^ti^^xtHSV-2 ^.It/MIB^ 
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PATENT APPLICATION CLAIMS /2* 

1 . A type of valacyclovir hydrochloride freeze dried product, wherein 
it is characterized by said freeze dried product comprising being formed 
by • thoroughly mixing the active ingredient valacyclovir hydrodMoride 
with medically accepted excipients; the weight use ratio of the 
valacyclovir hydrochloride and the aforementioned excipient is 75 - 500 : 
0 - 500. 

2 . A valacyclovir hydrochloride freeze dried product as described 
in Claim 1, wherein the weight use ratio of the valacyclovir hydrochloride 
and the aforementioned excipient is 80 - 500 : 10 - 500. 

3 . A valacyclovir hydrochloride freeze dried product as described 
in Claim 2, wherein the weight use ratio of the valacyclovir hydrochloride 
and the aforementioned excipient is 90 - 500 : 20 - 500. 

4. A valacyclovir hydrochloride freeze dried product as described 
in Claim 3 , wherein the weight use ratio of the valacyclovir hydrochloride 
and the aforementioned excipient is 100 - 500 : 25 - 500. 

5. A valacyclovir hydrochloride freeze dried product as described 
in Claim 1, wherein the aforementioned medically accepted excipients can 
be selected .from the one type or multiple types of the following substances : 
mannitol, sorbitol, sodium chloride, dextrose, sucrose, lactose, dext ran. 

6 . Any of the valacyclovir hydrochloride freeze dried products as 
described in Claims 1-5, wherein the aforementioned freeze dried product 
also includes a stabilizer, analgesic, and/or buffering agent. 

7. A valacyclovir hydrochloride freeze dried product as described 

* Numbers in the margin indicate pagination in the foreign text. 
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in Claim 1, wherein it is characterized by said method comprises the 
following steps: measure 75 - 500 parts (weight) valacyclovir 
hydrochloride, dissolve 0 - 500 parts (weight) medically accepted 
excipient into injection water, use a pH modulator to adjust t'He pH value 
of said solution to 5.0 - 8.5, and then freeze dry said solution. 

8. A preparation method as described in Claim 7, wherein th^ 
aforementioned medically accepted excipients can be selected from the 
one type or multiple types of the following substances: mannitol, sorbitol, 
sodium chloride, dextrose, sucrose, lactose, dextran. 

9. A preparation method as described in Claim 7, wherein the 
aforementioned pH modulator can be selected from the following eight types 
to make a buffer solution: sodium hydroxide, potassium hydroxide, ammonia 
water, phosphoric acid, citric acid, acetic acid, lactic acid, and its 
salt. 

10. Any one of the preparation methods as described in Claims 7 - 
9, wherein the aforementioned buffers also contain a stabilizer, analgesic, 
and/or buffering agent, 

SPECIFICATION y 
A VALACYCLOVIR HYDROCHLORIDE FREEZE DRIED PRODUCT AND THE PREPARATION 

METHOD THEREOF 

Field of the Technology 

The present invention involves a type of freeze dried product and 
the preparation method thereof. Specifically, the present invention 
involves a type of valacyclovir hydrochloride freeze dried product and 
the preparation method thereof. 
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Background of the Technology 

Valacyclovir hydrochloride is an acyclovir prodrug, and is a 
hydrochloric acid salt of the ester formed by acyclovir and valine. The 
molecular formula is: C13H20N6O4 • HCL. After valacyclovir. hydrochloride 
is orally administered, it rapidly transforms into acyclovir. In cells 
infected with a virus, the activity of the deoxidized tymidine kinase 
is further phosphorylated into three phosphates. By inhibiting DNA 
polymerase, and under the effect of DNA polymerase, it combines with the 
lengthened DNA, terminating the duplication of the illness and therefore 
achieving a resistance to the illness. Clinical uses for this include 
the treatment of shingles, genital herpes, hepatitis B, condyloma 
acuminate, etc. And, it is widely used in the treatment of other infections 
forms of herpes. Valacyclovir was first sold in England and Ireland in 
January 1995 and was approved by the US FDA that June. It is currently 
in clinical use in several dozen countries. China's Ministry of Health 
officially approved it in 1996 (Qinghai, Medical Journal, Issue 4, Volume 
31, 2001) as a new form of disease resistant nucleoside drug. 

There are currently few reports regarding the preparation of 
valacyclovir hydrochloric acid, and, in China, there have yet to be seen 
any key patent documents reported. And, there is only orally administered 
types available inside and outside of China; There has yet to be any reports 
related to injectable types. The invention of an injectable type is a 
necessity in order to improve treatment effectiveness and to provide 
doctors with more options for this drug, especially for the prevention 
of acute diseases and to provide addition treatment options. Because the 
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freeze dried product is stable, convenient to use, and easy to transport 
and store, therefore, the preparation method for a valacyclovir 
hydrochloride freeze dried product was invented. 
Content of the Invention 

The orally administrated valacyclovir hydrochloride takes a long 
time for its effectiveness to commence and. it is an irritant to the 
gastrointestinal tract if used long-term. The present invention provides 
a type of valacyclovir hydrochloride freeze dried product and its 
preparation method. 

In order to overcome the aforementioned drawbacks, the present 
invention utilizes the following technical solution: 

The present invention provides a type of valacyclovir hydrochloride 
freeze dried product, of which it is characterized by said freeze /4 
dried product comprising being formed by thoroughly mixing the active 
ingredient valacyclovir hydrochloride with medically accepted excipients . 
The weight use ratio of the valacyclovir hydrochloride and the 
aforementioned, excipient is 75 - 500 : 0 - 500. Of which, the weight use 
ratio of the valacyclovir hydrochloride and the aforementioned excipient 
is optimal at 80 - 500 : 10 - 500; is even more optimal at 90 r- 500 : 
20 - 500; and is most optimal at 100 - 500 : 25 - 500. 

Of which, the. aforementioned medically accepted excipients can be 
selected from the one type or multiple types of the following substances: 
mannitol, sorbitol, sodium chloride, dextrose, sucrose, lactose, dextran. 

In addition, the aforementioned freeze dried product also includes 
a stabilizer, analgesic, and/or buffering agent. 
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In addition, the present invention also provides a preparation method 
for a type of valacyclovir hydrochloride freeze dried product, of which 
it is characterized by said method comprises the following steps: measure 
75 - 500 parts (weight) valacyclovir hydrochloride, dissolve 0 - 500 parts 
(weight) medically accepted excipient into injection water. Add 0.1% - 
1.0% (w/v) activated carbon for injection. Heat the solution and stir 
for 20 - 30 minutes. Remove from heat to cool to room temperature. Filter 
to remove the carbon. Adjust the pH value to 5.0 - 8.5. Use a 0.22 /xm 
membrane filter to. filter out the bacteria. Measure the content. Place 
the solution on sterile strips and pack in a tube vial. Freeze dry. 

Of which, the aforementioned medically accepted excipients can be 
selected from the one type or multiple types of the following substances: 
mannitol, sorbitol, sodium chloride, dextrose, sucrose, lactose, dextran. 
Of which, the aforementioned pH modulator can be selected from the 
following eight types to make a buffer solution: sodium hydroxide, 
potassium hydroxide, ammonia water, phosphoric acid, citric acid, acetic 
acid, lactic acid, and its salt. Of which, the aforementioned phosphates 
include potassium phosphate, sodium phosphate, di sodium phosphate, sodium 
dihydrogen phosphate, potassium phosphate monobasic, etc. 

To further explain the invention, the aforementioned buffers also 
contain a stabilizer, analgesic, and/or buffering agent, such as sulfite, 
ascorbic acid, thiourea, cysteine, ascorbyl palmitate, vitamin E, calcium 
disodium edentate, calsium disodium chelate, procaine hydrochloride, 
lidocaine hydrochloride, docaine, sodium hydroxide, potassium hydroxide, 
ammonia water, phosphate, citrate, acetate, and lactate. Of which, the 
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aforementioned phosphates include potassium phosphate, sodium phosphate, 
disodium phosphate, sodium dihydrogen phosphate, potassium phosphate 
monobasic, etc. 

For further description, the preparation method provide by. the 
present invention comprises the following steps: 

(1) Add the excipient into injection water and stir to dissolve. 

(2) Add 0.1% - 1.0% (w/v) activated carbon for injection to the 
solution provided in the first step. Dissolve in water and stir 20 - /5 
30 minutes. Place and let cool to room temperature. Filter out the charcoal . 
Adjust the pH value to 5.0 - 8.5. Use a 0.22 fim membrane filter to filter 
out the bacteria. Measure the content. 

(3) Under sterile conditions, pour the solution into a vial. 

(4) Prepare the temperature in each of the freeze drying containers 
to -40 °C. Place the samples in the freeze drying containers. Wait for 
the temperature to cool to -35''C and then freeze dry for two hours. Then, 
vacuum pump and gradually raise the temperature to room temperature in 
15 - 30 hours. At 20°C - 30°C, freeze dry again for. two hours. 

For clinical use, add and dissolve in an injection use solvent (an 
injection use normal saline or dextrose injection solution) , shake evenly 
and use. 

The reproducibility of using the valacyclovir hydrochloride freeze 
dried product preparation method as the provided by the present invention 
is quite good (making three batches in a row will result in meeting quality 
requirements) . The finished product rate is high (the finished product 
rate of three sarrples is greater than 98.0%) . The freeze dried product 
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obtained exhibits an excellent appearance and can be easily re-dissolved 
and is well-suited for storage. It can stably be prepared for injection 
with dextrose and sodium chloride and the solution shows excellent clarity. 
The quality of the product is stable and it is -'easy to use. It can be 
used for muscle injection and also intravenous injection. It also helps 
prevent the issues associated with oral administration method, increasing 
the number of options for this type of product . It is easily used in clinical 
environments and increases the biological use, specifically as a better 
option for providing medicine for acute sufferers. 
Preferred Embodiments 
Preferred Embodiment 1: 

Add 100 mg valacyclovir hydrochloride and 50 mg mannitol into 1 ML 
of injection use water. Stir to dissolve. Add activated charcoal in a 
0.5% (w/v) weight use. Stir for 4 0 minutes at 20 °C. Filter to remove the 
charcoal. Add in sodium hydroxide to adjust the pH value of the solution 
to 8.5. Use a 0,22 /xm membrane filter to filter out the bacteria. Measure 
the content. Under sterile conditions, pour the obtained solution into 
a vial. Place in a freeze dry system and freeze dry for 20 hours. Cap 
and remove. Pack to obtain the valacyclovir hydrochloride freeze dried 
product of the present invention. 

In order to check the suitability and stability of the formulation 
technique of the freeze dried production of the present invention, check 
the blaze (4500 ± 500Lx) , temperature (60 °C) , humidity (the corresponding 
humidity is 90 ± 5%) of the aforementioned freeze dried product. Of which, 
the results are as shown in the following table: 
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Affecting 
Factor 


Settling Time 
(Days; 


Hue 


Related 
Quality (%) 


Clarity 


Content 
(%) 


Blaze 


0 


White Scattered 
Particles 


Pass 


Pass 


99 , 3 


5 


White Scattered 
Particles 


"Pass 


Pass 




10 


White Scattered 
Particles 


Pass 


Pass 


98 . 9 


Temperature 


0 


White Scattered 
Particles 


Pass 


Pass 


101 . 0 


5 


White Scattered 

Pairt" "i p 1 p c! 

A. ^ J. J. ^ O 


Pass 


Pass 


98.9 


10 


White Scattered 
Particles 


Pass 


Pass 


99.2 


High-humidity 


0 


White Scattered 
Particles 


Pass 


Pass 


99.5 


5 


White Scattered 
Particles 


Pass 


Pass 


100.2 


10 


White Scattered 
Particles 


Pass 


Pass 


98.8 



The results in the aforementioned table show that using the 
valacyclovir hydrochloride freeze dried product of the present invention 
will produce a product that is stable towards blazing, temperature, and 
high humidity. Thus, there are no special requirements for packaging and 
storage . 

Preferred Embodiment 2: 

Add 200 mg valacyclovir hydrochloride and 75 mg sorbic alcohol into 
2 ML of injection use water. Stir to dissolve. Add activated charcoal 
in a 0.5% (w/v) weight use. Stir for 30 minutes at 30°C. Filter to remove 
the charcoal. Add in potassium hydroxide to adjust the pH value of the 
solution to 8.0. Use a 0.22 /im membrane filter to filter out the bacteria. 
Measure the content. Under sterile conditions, pour the obtained solution 
into a vial. Pre-freeze by placing in a freeze drying container with a 
temperature of -20°C and then raise the vacuum degree inside the freeze 
drying container to under 13.33 Pa and close the freezer. Gradually warm 
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with a heating system under the shelf. Provide the proper amount of heat 
needed to sublimate the sample in the freeze dry process so that the 
temperature of the frozen sample can rise to approximately -20^0. The 
water content in the drug solution can sublimate. Let the sublimate dry 
for 15 hours until the water content has been as completely removed as 
possible. After the sublimate completely dries to the point where some 
water content is still present, further drying is needed. Control the 
drying temperature to 15°C. Then, control the shelf temperature to under 
30°C until the sample temperature is the same, as the shelf to reach the 
dry terminal point. When the condenser temperature reaches -33°C, repeat 
the freeze dry step for 11 hours. Cap, remove from the container, and 
package to obtain the valacyclovir hydrochloride freeze, dried product 
of the present invention. 
Preferred Embodiment 3 : 

Add 500 mg valacyclovir hydrochloride, 150 mg sodium chloride, 100 
mg dextrose, 200 mg sucrose, and 50 mg lactose into 3 ML of /7 
injection use. water. Stir to dissolve. Add activated charcoal in a 1.0% 
(w/v) weight use. Stir for 20 minutes at 40°C. Filter to remove the charcoal. 
Add in phosphoric acid buffer solution to adjust the pH value of the 
solution to 5.0. Use a 0.22 /xm membrane filter to filter out the bacteria. 
Measure the content. Under sterile conditions, pour the obtained solution 
into a vial. Pre-freeze by placing in a freeze drying container with a 
temperature of -25«C and then raise the vacuum degree inside the freeze 
drying container to under 13.33 Pa and close the freezer. Gradually warm 
with a heating system under the shelf. Provide the proper amount of heat 
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needed to sublimate the sample in the freeze dry process so that the 
temperature of the frozen sample can rise to approximately -20«C. The 
water content in the drug solution can sublimate. Continually sublimate 
dry for 17 hours until the water content has been removed. After the 
sublimate completely dries to the point where some water content is still 
present, further drying is needed. Control the drying temperature to 20«C. 
Then, control the shelf temperature to under 30 °C until the sample 
temperature is the same as the shelf to reach the dry terminal point. 
When the condenser temperature reaches -33°C, repeat the freeze dry step 
for 10 hours. Cap, remove from the container, and package to obtain the 
valacyclovir hydrochloride freeze dried product of the present invention. 
Preferred Embodiment 4 : 

Add 100 mg valacyclovir hydrochloride into 2 . 5 ML of injection use 
water. Stir to dissolve. Add activated charcoal in a 1.0% (w/v) weight 
use. Stir for 20 minutes at 40«C. Filter to remove the charcoal. Add in 
ammonia water to adjust the pH value of the solution to 7.5. Use a 0.22 
Mm membrane filter to filter out the bacteria. Measure the content .. Under 
sterile conditions, pour the obtained solution into a vial. Pre-freeze 
by placing in a freeze drying container with a temperature of -30«»C and 
then raise the vacuum degree inside the freeze drying container to under 
13.33 Pa and close the freezer. Gradually warm with a heating system under 
the shelf . Provide the proper amount of heat needed to sublimate the sample 
in the freeze dry process so that the temperature of the frozen sample 
can rise to approximately -20«C. The water content in the drug solution 
can sublimate. Continually sublimate dry for 16 hours until the water 



content has been removed. After the sublimate completely dries to the 
point where some water content is still present, further drying is needed. 
Control the drying temperature to 20°C. Then, control the shelf temperature 
to under 30<>C until the sample temperature is the same as the shelf to 
reach the dry terminal point . When the condenser temperature reaches -33«C, 
repeat the freeze dry step for 12 hours. Cap, remove from the container, 
and package to obtain the valacyclovir hydrochloride freeze dried product 
of the present invention. 
Preferred Embodiment 5 : 

Add 100 mg valacyclovir hydrochloride and 50 mg dextran into 1 ML 
of injection use water. Stir to dissolve. Add activated charcoal in a 
1.0% (w/v) weight use. Stir for 40 minutes at 25 "C. Filter to /8 
remove the charcoal. Add in ammonia water to adjust the pH value of the 
solution to 7.0. Use a 0.22 /^m membrane filter to filter out the bacteria. 
Measure the content. Under sterile conditions, pour the obtained solution 
into a vial. Pre-freeze by placing in a freeze drying container with a 
temperature of -40«C and then raise the vacuum degree inside the freeze 
drying container to under 13.33 Pa and close the freezer. Gradually warm 
with a heating system under the shelf. Provide the proper amount of heat 
needed to sublimate the sample in the freeze dry process so that the 
temperature of the frozen sample can rise to approximately -20«C. The 
water content in the drug solution can sublimate. Continually sublimate 
dry for 15 hours until the water content has been removed. After the 
sublimate completely dries to the point where some water content is still 
present, further drying is needed. Control the drying temperature to 30°C. 
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Then, control the shelf temperature to under SO^C until the sample 
temperature is the same as the shelf to reach the dry terminal point. 
When the condenser temperature reaches -33 °C, repeat the freeze dry step 
for 8 hours. Cap, remove from the container, and package to obtain the 
valacyclovir hydrochloride freeze dried product of the present invention. 
Preferred Embodiment 6 : 

Add 100 mg valacyclovir hydrochloride and 75 mg sodium chloride into 
2.4 ML of injection use water. Stir to dissolve. Add activated charcoal, 
in a 1.5% (w/y) weight use. Stir for 40 minutes at 30°C. Filter to remove 
the charcoal. Add in disodium hydrogen phosphate to adjust the pH value 
of the solution to 6.5. Use a 0.22 fim membrane filter to filter out the 
bacteria. Measure the content. Under sterile conditions, pour the obtained 
solution into a vial. Pre-freeze by placing in a freeze drying container 
with a temperature of -50 °C and then raise the vacuum degree inside the 
freeze drying container to under 13.33 Pa and close the freezer. Gradually 
warm with a heating system under the shelf. Provide the proper amount 
of heat needed to sublimate the sample in the freeze dry process so that 
the temperature of the frozen sample can rise to approximately -20°C. 
The water content in the drug solution can sublimate. Continually sublimate 
dry for 20 hours until the water content has been removed. After the 
sublimate completely dries to the point where some water content is still 
present, further drying is needed. Control the drying temperature to 35°C. 
Then, control the shelf temperature to under 30°C until the sample 
temperature is the same as the shelf to reach the dry terminal point. 
When the condenser temperature reaches -33 °C, repeat the freeze dry step 
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for 10 hours. Cap, remove from the container, and package to obtain the 
valacyclovir hydrochloride freeze dried product of the present invention. 
Preferred Embodiment 7: 

Add 150 mg valacyclovir hydrochloride, 50 mg mannitol and 50 mg 
dextran into 3 ML of injection use water. Stir to dissolve. Add activated 
charcoal in a 0.5% (w/v) weight use. Stir for 40 minutes at 20 °C. Filter 
to remove the charcoal. Add in dipotassium hydrogen phosphate to adjust 
the pH. value of the solution to 5.5. Use a 0.22 urn membrane filter to 
filter out the bacteria. Measure the content. Under sterile 
conditions, pour the obtained solution into a vial. After placing in a 
freeze dryer and freeze drying for 30 hours, cap, remove from the container, 
and package to obtain the valacyclovir hydrochloride freeze dried product 
of the present invention. 
Experiment Example 1 : 

The treatment affect of injected and orally administrated valacyclovir 
hydrochloride on HSV-2 that causes vaginitis in mice. 

Prepare 60 Kunming mice of a body weight between 18 and 20 g. Separate 
into three groups (20 per group) for the experiment. Use a 10TCID50HSV-2 
solution to infect the vaginas of the mice. Each mouse receives 0.03 ml 
of the disease thinner. Two days after infection, orally administer 
valacyclovir hydrochloride (25 mg/kg). to the first group. Intravenously 
inject 25 mg/kg valacyclovir hydrochloride into the second group. The 
third group is the negative control group and is given an equal amount 
of physiological saline. Administer accordingly twice a day for six days. 
After the treatment, continue to observe for 15 days. Record the number 
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of HSV-2 infected mice that have died each day. Also record the time of 
death. Calculate the death protection rate and extended life rate by using 
the following formula: (1) Death Protection Rate = (Control Group Death 
Rate - Experimental Group Death Rate) , (2) Extended Life Rate = (Average 
Number of Days Alive of the Experimental Group - Average Number of Days 
Alive of the Control Group) ^ Average Number of Days Alive of the Control 
Group X 100%. 

See Table 1 for the results. 
Table 1. Results of a Comparison Between Injection and Oral Valacyclovir 



Hydrochloride Treatments 



/Test Group 


Death Rate (%) 


Death 
Protection Rate 
(%) 


Number of Days 
Alive (days) 


Extended Life 
Rate (%) 


1 


35 


55 


13.1 ± 1.9 


81.9 


2 


40 


50 


12.3 ± 2.3 


70.8 


3 


90 




7.2 ± 2.0 





The results show that there is no clear difference between injected 
valacyclovir hydrochloride and orally administered valacyclovir 
hydrochloride on the treatment of vaginitis on mice caused by HSV-2. And, 
both forms of' treatment surpass the control group. 

Although the aforementioned text has provided a general description 
as well as specific embodiments to describe in detail the present invention, 
any modification or improvement that can be done on the basis of the present 
invention can be easily understood by those familiar with the technology. 
Therefore, such modifications or improvements do not deviate from the 
basis of the spirit of the present invention and fall under the scope 
of protection as set forth in the claims of the present invention. 
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Amino acid ester prodrugs of acyclovir 



U M. Beattchamp.^ a F. Orr. P. de Miranda* T. 
Bumotte and T. A. Krenltsl^ 

Burroughs Wellcome Co,, Research Triangle Park, NC 
27609. USA. 

Summary 

Eighteen amino acid eaters of the antlherpetie dnig, 
acyclovir, were synthesized as potential prodrugs for 
oral admlnlstratlom The esters were examined f6r In 
vhio andvbvl acthrl|y against herpes almplax virus 
lype 1 (HSV-1). They vMte found to have loas potetiey 
than tfie parent compound. Their efficiencies as pro- 
drugs were evaluated In rats by meaaurtng the urinary 
reoovofy of acyclovir. Ten prodrugs produced greater 
amounts of the parsnt drug in the urine. The L-amIno 
acid eatofB %vers better prodrugs than the correspond- 
ing D- or DX-lsomers, suggesting ttie Involvement of e 
stereoselective transporter. The L-valyl eater, 256U87» 
was the best prodrug. Sixty three per cent of Its 
administered dose was excreted as acyclovir In the 
urine, a considerable improvement ovsr acyclovir 
Itself, for which this value was 1 9%. Since 266U67 was 
stable in equeous solutions. Ha conversion to acyclovir 
hi vl¥o was probably enxyms catalysed. This L-valyl 
ester prodrug of aiByelovir is now undergoing clinical 
evaluation. 

Introduction 

Acyclovir (9-B2-hydroxyethoxy)methylD-9H-guanine, 
Zovirax*. 1) Is a widely used agent for the treatment and 
prophylaxis of Infsctlons caused by the herpes group of 
viruses. The Important human pathogens of this group are 
not equally sansttlve to the drug. For example, the ICm 
values Oig mr ^) obtained in the extensive testing in vitro, 
showed the following ranges: against herpes simplex virus 
type 1 (HSV-1). 0.01-O.7; HSV-2. 0.01-0^: varicella zoster 
virus (VZV). 0.3-1 0.8 and human cytomegalovirus (HCMVO 
2.0-^ (0*Brfen and Campoll-Rlchards, 198^. Thus, 
plasma concentrations of acyclovir achieved In hunmns 
after oral dosing with a single 200 mg capsule are ade* 
quate for the Inhibition of HSV-1 or HSV-2. However, for 
the tieatment of VZV Infections f ind for the suppression of 

neoelwd 2 Oetober. 1991: fwtoed 2 Oeownbor 1991. 'for eonmoon- 
daneik Tel 910 249 4638: rw 919 849 0430 



HCMV infections, multiple, high doses of oral or intrave- 
nous drug are necessary (Huff et eL, 1 988; Meyers ef a/.« 
^ 1988; Peterstund^ 1988; Wood ef a/.. 1988: Baffour Jr. et 
al., 1989; Morton end Thomson. 108Q. Supprssslve 
therapy In immunocompromised patients with eub-optl- 
mal oral drug doses can lead to loss sensitive atrainaof 
HSV and (Barry ef a/., 1985; Ehgel ef a^., 1990; HIU ef 
al*t 1981: Hoppertlans etal, 199P; Jaoobson efaA. 199Q). 
Because of the limited oral bioavallBblllty (1S-21%) of 
acyclovir (de Miranda and Blum,' 1983), plasma levels 
adnata for inhibition of less sensitive vinises can not be 
echieved essOy. Consequently, in some clinical situations, 
it Is necessary to administer the dnig intravenously to 
achieve higher plasma levels for optimal efficacy against 
less sensitive viruses. 

Thus, a highly efficient and safe prodrug of acyclovtr. 
that can be given orally and that will achieve plasma levels 
of drug comparable to Intravenous dosing has been 
sought by Burroughs Wellcome laboratories for more than 
a decade. Two congeners of acyclovir with aheratlons In 
the 8-substituent of the purine ring (Table 1. Fig. 1) have 
been extensively evaluated. The first, the 6-amIno con- 
gener, 2-[€2,6-diamlno-8H-purin 6-yO methoxyl-ethanol, 
2, is incompletely converted to a^clovir by aderiosine 
deaminase (Qood ef aH, 1983). The second, the 0-deoxy 
congener, 2-((2-amino-9H-purin-9-y9nielhoxy]ethanol. 
desidovlr, 3, Is depen dent on xanthine oxkiase for conver- 
sion to acyclovir OCrenRslcy et el., 1984). Neither 
compound has a chronio toxicity profile In experimental 
enimals as favourable as that of acyclovir Itself (Q. 
Szczech, personal communication). The toxicity of the two 
cor^geners, encountered in laboratory animals, was 
hypothesized to be the result of phosphorylation of the 
unconverted prodrug. Therefore, we Initiated a prx>- 
gramme to develop an effective prodrug that could not be 
phosphorylated prior to conversion to acyclovir. 

Many other investigators have studied prodrugs of 
acyclovir (Collaef a/.. 1983;SeIbyefa/., 1984; WelchefaA. 
1985; Kumar era/., 1988; Bundgaard era/., 1089, 1991; 
Stimao and Kobe. 1990). The work of Coila and col- 
leagues is particularly relevant to this paper. Based on the 
analysis of a small group of amino acid esters (aa 
hydrochlorfde salts), mostly the slrriple derivatives (glycyl, 
4, a-L-alanyl, 8. ^alanyl. 6), ihey proposed that such 
water-soluble amino acid esters of acyclovir are suitable 
prodrugs for ophthalmic and irrtramuscular admin- 
istration. Ih ¥itro experiments measuring the effects of 
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these compounds on the replication of HSV-1 and HSV-2 
In primary rabbit kidney cell cuttures showed that the 
esters were somewhat iesa potent than the parent dnig; 
their fCw'8 values ranged from ai to 0.6|ig mr^, com< 
pared to COBiig mP^ for acyclovir. This level of antiviral 
activity suggested that the esters were hydrolyrad to the 
parent compound. In Wvo, the glyeyl eater, 4, as a 1% 
borate eyedrop solution (pH 6.7), demonstratsd efficacy 
against HSV-1 keratitis In the rabbit. However, solutions of 
4 at pH 7.4 and physiological temperature were 50% 
hydrolyzed after 4h. and completely hydrolyzed after id. 
Instability has been a common shortcoming of amino add 
esters (Kovach et a/.. 1881: Cho and Haynes, 1985; 
Johnson 6l a/.. 1985). 

In this study, we have determined that some amino add 
esters of acyclovir with more complex Me chains than 
glycyl and aiany) are good prodrugs for oral use. The 
gastrointestinal absorption of these esters la greater than 
that of the parem drug or the simpler amino add esters. 
Moreover, the complex amino acid esters have better 
stability In aqueoua aolutlons. 




TaUo 1. Chemical <3ata and ora) MoavailabDtty of amino acid piodrugs of fi^^ 
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T«ftl« 8. *H-NMR chomleel ahms (P^ downflald from TM$ in DMSO-db). 





L-vBflno 

m 






10.00(8) 


ia79(8» 




6.76(8) 


&65(^ 


7.ai« 


7.83(8) 


'31 (8) 




5.33(8) 


5^ (.J 




6.54 (bia) 


&46(brB) 




4J3(m» 


4.32 ({ft} 


3.fl7(m> 


3.71 (m) 


3.70 (in) 


3.90 (m) 


&a2(m) 


4.03 (q) 


1.93 (m) 


2.11 pTO 




0.61 ((0 


a69(d) 








l^<d) 



(7) 


(21) 


(16) 


10 fiS fa) 


11.00(b) 


10.87 Cb) 


673(8) 


&60f8) 


6.70(9) 


7^(8) 


&12W 


y.87(«» 


5.36(8) 


5.36W 


5.38(8) 


662 (bra) 


607 (tare) 


648 (bni) 


4.32 (m) 


4.32 (fT4 


4.28 (m) 


3.70 (m) 


372 (g 


3.73 (m) 


4i)0(0 


4.06 Cm) 


3.87 (m) 






0-81 M 


1.99(8) 






&48(m) 






2.48 (no 








172 H 






616 (fT) 






1.85 (ff« 








1.62 (m) 






1.25 (m) 



Qlyclna 



NH 

2-NH» 

H-6 

N-CHrO 

NHi^ 

CKK)C(0) 

CH>0 

oGH 

CH(CHi)i 

{CH«), 

CH, 

8CH» 

CCH, 

Ch^ 

CHiN 

CHi^ 

M5M 

CHiCH3 

aCHi 

NHOO 

AfH 

CHiAr 



7j6S«0 

745 

5j03(W 



10.77 C») 
6.64(8) 

546(8) 
644 (bra) 
4.23 (m) 
3.69 



3.76 (m) 



Results 



Chemistry 



The amino acid esters were prepared In two steps (Rg. i), 
using a sllghtty modified method of CoUa (Coila et a/., 
1983). In a majority of the syntheses, the cartobenzytoxy 
group (N-Ctu^ was used to protect the amino function of 
the amino acid (method A, see Materials and Experimental 
procedures). A solution of acyclovir in dlmethytfonmamlde 
(DMF) was treated with the N-p/otected amino acid using 
the coupling agent dicyclohexytcartKKllImlde {OCC) and 
4-<dlmethytamlno} pyridine (OMAP) as a catalyst to pro> 
duoe the N*Cbz blocked ester derivative. Deptotectlon by 
catalytic hydrogenatlon In the presence of HCI gave the 
target, amlnoacyl, esters, as .the hydrochloride salts 
(method A). For the synthesis of the N-methyl L-alanyl 
congener, 8, the t«buty!eart>obenzoxyl (t-Boc) blocking 
group was used, and deprotectton was effected with 
trifluroacetic acid (method B). In almost all cases, the 
target salts analysed for water, and some contained 
excess HCI or other sohmts. The presence of these 
components. Indicated by the elemental analyses was 
confirmed by NMR data. The 'H and NMR character- 
istics of all esters are listed in Tables 2 and 3. 

A broad variety of imlno acid esters was synthesized to 
ascertain the effect of different types of substituents 
adjacent to the carbonyl function. We investigated the 
occurrence of racemlzatlon only In the synthesis of the 



t-valyl ester, 9. Most of the batches of the N-Cbz-valyl 
intermediate. 10, produced by coupling pure N-Cbz-L- 
valine with acyclovir, were determined to have 2-3% of 
tfie D-isomer. The enanttomeric ratio was estimated by 
HPLC on a cNral column (Chlracel OD. Oiaoel, Chimcel 
Technokjgles Inc., Exton. PA, USA) with EtOH and IVIeOH 
(65:39 containing 0.1 % trifluoroaceticaoid as the rhobile 
phase. We suspect that this slight racemlzatton was 
caused by the strongly basic catalyst, OMAP. No 
additional racemlzatton occurred In the reductton step, as 
determined by analysis of the batches of 9 on a Crown Pak 
CR(+) (DiaceO column with a mobile phase of aqueous 
perchloric sold, pH2. 

6toffva//abff/fK ^ : . . 

The bioavailability of acyclovir, after dosing rats by gavage 
(25mg kg"^) with the various amino acid ester prodnigs, 
was estlmsted by determining the total amount of acyclo- 
vir recovered in the urine over a 40-h perk)d. Acyclovir and 
the prodrugs were assayed by HPLC (see Materials and 
Experimental procedures). The esters themselves were 
not detected In the urine, lndk»tlng their extensive /it vivo 
hydrolysis to acyckivlr. The btoavailabiitty data for the 
esters* expressed as per cent of prodrug (on a molar basts) 
excreted In theurine as eeyck>vir, are summarized In Table 
1 . The vaik:lity of estimating acyctoWr btoavallability In the 
rat from Its urinary excretk>n Is supported by observations 
that ocyctovir is virtually unmelabollzed, end less than 1 % 
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Of the dose is secreted Into the bite (de Miranda e/ a/.. 
1981). 

Clearty, the t-valyl ester. 266U87* 9, provided the best 
acyclovir bioavailability (63%). followed by the L-2*amlno- 
butymte, 13 (50%). the L-isoleucyl. 18 (43%). and the 
{.•alanyl. 6 (42%) esters. In contrast, after oral adminis- 
tration of acyclovir to rats (n « 4). the urinary recovery was 
only 19 ± 8% of the dose (de Miranda et a/., 1981). An 
N-protected amino acid ester (the 0. L-N-Cbz-alanyt, 23) 
was evaluated but showed low bioavailability (8%). In the 
cases where the O- and L-lsomere were compared (Table 
1). the L*lsomer was mora efficient as a prodrug. For 
comparison, two other extensively studied acyclovir oral 
prodrugs, the 2.6-diaminopurine dertyatlve, 2, and the 
2-aminopurlne analogue. 3, gave values of 26% and 65%. 
respectively, (or the acyclovir urinary recovery in rats. 
^ In pharmacoMnetic studies with 256U87. 9, in rats (n « 
3). after a dose of 35 mg kg^^ by gavage. prodrug cleared 
fifom the plasma rapidly and was undetectable by 1 h post 
dose. Acyclovir mean peak plasma concentration 
(12.7 and area under the cufve (17,3 f&M h"^) were 7.8 
and 3.6-fold higher, respectively, than after an equivalent 
dose of acyclovir. The plasma half -life (t ^ of acyclovi r was 
approximately the same (1 h) after dosing with either the 
prodrug or acyclovir itself. 

Aquecus solubility 

All the amino add esters of acyclovir were soluble in water 
at room temperature, a striking contrast to the poor 
solubility of the parent dnjg. The solubility of 9 was 1 74mg 



ml*\ a dramatic Increase over that of acyclovir (l^mg 
ml-'). 

Aqueous stabiiity 

The aqueous stability of the glycyl. 4. L-alanyl. 6. L-valyl. 9, 
and L-isoleucyl, 18, derivatives was examined at 37*C at 
pH 6 (sodium phosphate buffer). pH 7.4 (sodium phos- 
phate buffered saline. (PBS), and pH 8 (sodium phosphate 
buffer). Hydrolysis to acyctovlr was detected t)y HPLC 
using a C18 reversed-phase column. The calculated tus 
are shown In Table 4. The glycyl and L-alanyl esters were 
considerably less stable than the L-valyi and L-leoloucyt 
anak)guea; the order of decreasing stability was 18 > 9 
» 4 > 6. The stabiiity of ell four esters decreased with 
increasing pH. 

Antiviral acVvity 

The esters were examined for antiviral activity in ydtro 
against HSV-1. Results are shown In Table 5. The amino 
ackl esters were active against HSV-1 replication with ICw 
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values ranging from 0.64 yjA (Uvalyl 256U87. $) to 1 0.5 |iM 
(3-amInoproplonate, 0). The value for acyclovir was 
0.1 |iM. Antiviral activity of the esters was probably the 
result of acyclovir generated from partial hydrolysis of the 
esters in the test system (Vero cells). No cytotoxicity to 
Vero cells was detected with any of the compounds up to 
concentrations of 100 mm. The concentrations of 256U87. 
0. required to Inhibit the growth of 50% of Vero cells was 
greater than 500 \im, 

Toxlcolog/cal testing 

The metabonc products of 256U87, 9, in rate were 
acyclovir, which has a well known safety record in clinical 
use, and an essential amino acid, L-valine. Within 80 min 
of dosing, there was no detectable prodrug In plasma Not 
surprisingly, therefore, when a^iusted fbr equhratent 
plasma levels, 256U87, 9. had the same safety profile as 
acyclovir in a variety of subchronle and chronic tests in 
several species (Q. Szczech. personal communication). 

Discussion 

Compared to acyciovir (19% urinary recovery), ten pro- 
drugs produced greater amounts of the parent drug 
resulting in higher urinary recoveries after oral adminis- 
tration. Water solubility was not directly related to oral 
absorption, since all the ester prodnigs In Table 1 were 
soluble but provided varied bioavailabilities of acyclovir. 
On the other hand, the stereochemistry of the amino acid 
in the prodrug esters had a marked effect on absorption. In 
the cases w:iere the 0-isomer was directly compared with 
the L-isomer, there was a decided preference for the 
L-lsomer. The racemates were Intermediate In efficiency 
of absorption. The preference for the L- vs. 0-laomsr and 
for the naturally occurring branched chain anrUno acids. 
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L-valyl and L-isotoucyl. suggests that a stereo^peclflc 
transporter may contribute to the Improved absorption of 
these esters. 

The 6tructun9 of the side chain of the amino acid esters 
of acyclovir had a profound effect on the efTidency of 
prodoig absorption. With the simple aliphatic straight side 
chains, the optimal length for the chain adjacent to the 
alpha carbon (see Table 1) was two cait>ons(9 vs. 4; 13 vs. 
1 6). A methyl group substitution on the beta carix>n of the 
amino acid further enhanced prodrug efficiency (9 vs. 13; 
18 vs. 10), but an ethyl side chain slightly decreased it (18 
vs. 0). Of the prodrug compounds studied, the L*valyl 
derivative. 256U87. 9. had the optimal combination of 
chain length and branching at the beta cart)on. 

The chemical stability of the most efficient ester. 
256U87. 9. contrasted with its extensWe In Wvo hydrolysis 
to acyclovir. The rapid eonverelon of the prodrug to 
acyclovir In viw, and the virtual absence of the unchanged 
prodnjg in the urine suggests the Involvement of a very 
efficient enzymatic process. The conversion is probably a 
result of 'first pass' metabolism. Further studies that 
confirm this hypothesis will be published elsewhere (P. de 
Miranda and T. Bumette) 

The antiherpes testing of the amino add esters In vitro 
showed a range of ICm values but ail were higher than 
acyclovir itself (Table 5). Since antiviral action is depen- 
dent on phosphorylation of the parent compound (a fact 
which has been exhaustively documented), a priori, the 
intact esters, having no free hydroxyl group cepable of 
phosphorylation, would not be expected to exhibit any 
antiviral action. 

The potential cUnlcal benefits of a highly bioavailable. 
safe, oral prodnig of acyclovir are outlined In the Introduc- 
tion section of this paper. However, the subject is worthy 
of further discussion. In the case of acyclovir resistant HSV 
infections, high dose intravenous therapy is usually 
effective (Engel et a/L, 1990). demonstrating the utility of 
reaching high plasma levels. Consequently. 256U87 
should provide a more convenient treatment for such 
infections. Most* of the resistance to acycbvlr is 
encoumered in immunocompromised patients where 
Inadequate exposure to drug has opcun-ed.' The use of 
256U87 should enuwe that optimal exposure Is achieved 
and thereby decrease the frequency of resistance. In VZV 
infections, the use of 256U87 should obviate the need for 
multiple, high dose administration of acyciovir and also 
decrease the frequency of resistance. Currently, the 
leading drug for the treatment of HCMV infections is 
ganciclovir, its toxicity, very poor oral bioavailability, and 
frequent Incompatibility with zidovudine create an urgent 
need for better drug treatment Although acyclovir Is less 
potent than ganciclovir against HCIW, the ability to 
achieve high plasma levels of acyclovir by oral adminis- 
tration of 256U87 represents a cllnlcat opportunity esped- 
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ally for suppression In Immunooompromlsed patients, 
where oral administration Is of particular importance. 

In summary, 256U87, 9. the L-valyt ester of acyclovir, as 
a tiydrochlortde salt, Is a prodnjg that, given crafty, can 
produce higher plasma levels and three* to four-fold 
higher bioavaiiabillty of acyclovir, than administration of 
the parent compound itself. V\b prodrug was stable In 
aqueous acidic solutions. In vivo it was rapidly absorbed 
and metabolized to the parent. Thus far In toxicotogical 
studies. 256U87 has the same safety profile as acyclovir, h 
is currently being evaluated In clinical trials for more 
effective orsi treatment and suppression of the herpes 
group infections. 



Materlala and Experimental procedures 

ChendGaf pmoetturBS 

Melting points were determined with e Thomas Hoover melting 
point apparatus fThomas Sdentlfic Co., Swedesboro, NJ, USA) 
end ere unconected. Ultraviolet specue were recorded with a 
Varfsn OMS-100 spectrophotometer or a Beckman 0U-70 
spectrophotometer. NMR spectre were recorded using a Varlan 
XL*200 or a Varfan XL-300 spectrometer. Elemental mlcroana- 
iyses were determined by Attamic Mlcfoiabs, Atlanta, OA. USA. 
Preparative column chromatography was done by the flash 
chfomatogmphy technique on SiUca Qel (40-63 »lm. E. Merck No. 
9385). Solvents were removed by rotary evaporatk3n (Buchler 
flash evaporator) In a temperBture-controlled water t>ath. 

Mefhotf A* S-^-Amb^thte^ffiydlrore^a^-iJurin^yO^ 
thOKylethyfL^Onate hydtoehhrlOe, 2S6VB7, A Acyclovir (2.0e, 
B.8SmkiO was dlssolvad In dnr DMF (ISOmQ by warming on a 
steam bath. Successively. DMAP (ai54g, 1.2$nnM). N-Cbz-L* 
valine (3.01 g, 12.0mM), and DCC (3.0g, 14.4 m^) were added to 
the cooled aoiution. The sofutlon was stirred under a nitrogan 
atmosphere et ambiem temparature for 18h. The mixture was 
recharged with additional DMAP (p.154g. 1.25mvQ, M-Cbz-L- 
valine <3.01 g. 12.0nuyO. and DCC {3.0 g, 14.4mM), and stirring was 
continued at amblant temparature for 2 days. The mixture was 
filtefBd, the OMP was rennovad from the filtrate In vacuo, and the 
residue' was chrdmatographed on sUlCa gel. using 1:4 MeOH 
CHsC^ as the eluant. to give 3L7Sg (02%) of the desired 
Intermediate. 2-[(2-amtnO''lMihydro^xo-gH-purln-9-yOmer 
thoxyjathyt N-Cbz-L^vallnate. 10^ as a white solid. The ^N* end 
*^NMR spectra were consistent with the desired structwe. A 
solutkmof10(3.73g.S.14mM)inMeOH(130mQ.TYiFCeUahydro- 
furan, SSmf), end H3O (2Sml) vvas added to 0.5 N aqueous HCl 
(IB ml) and 377 mg of 6% palladium on charcoal. The mixture was 
shaken In a Panr apparatus under an Initial pressure of ^ psi of 
hydrogen at ambient temperature for 18 h. The mixture was 
filtered, the catalyst was washed with MeOH, and the combined 
vMashlnga end filtrate were evaporated in veeuo at e twth 
temperature <60^. The reskiue was reciystelllzad from »W2- 
propsnol to yIeW 1.762g (6Q)% of a as the HQ sett, which 
analysed for 1 .0 mole of HaO (CtsHnClNtOa) €• H. N, a The ^ H- 
and *%-NMR spectra were sstlsfaclary for the desired structure. 
UV (HiO)t IW 2S2.8mtL (c aS3Q}. sh 273.2m|i (c 5782). 
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Method 8: S^(2'^rttln>'1,6-^ih^ro-S''CX9'9H'p\itin^ylime' 
ihoxyJeViyl N'methyt-L-iaanatB mate, & A mixture of N*f-6oc» 
N-rTOthyl-L*elanlne (l.Og, 4.82 mM) end 000 (O.SOg. 2.91 mj^) in 
40 ml CKaOla was stirred for 3 h at ambient temperature under 
nitrogen, and then filtered; the filtrate was evaporated In vacuo. 
The anhydride was dissolved In 50 ml dry DMF and trsated wHh 
acyclovir (0.64g. 2.40mM} and DMAP (0.030g. 0.3SmM). After 
40 h, the solvent %va8 lemoved i|p» M8CUO1 and the Impure solid was 
recrystaHlied three times from 5% CHaCVMeOH to provide 
0.7eg (77%) of the desired Intennedtake, 29, es a white powder, 
mp 181*C (dec). A solution of 23 (0.5Sg, I^SSnuO In 2Smt of 
freshly distilled trffluoroacetlc add was stirred at 0*0 fbr 30 mbi. 
The excess add was removed In vacuo, and the residue was 
dissolved In 4 mi H2O and freeze-drled for 18h; The gum was 
redlssolved In 4ml HaO and fraeze-drted again to provide a 
quantitative yield of B es e hygroscopic, fluffy white solid 
(CiaH,»N«04 X 14/5 C^rHFjO^. 1/10 H^O) 0, H. N. UV(HaO);lW 

251 mtK it 1423(9. sh 273Jtmiu («,9750}. 

*H end^^ NMR data are listed In Tables 2 tmd 3, respectively. 



BMogical proc9duma 

Ijong Evens rats (2 male^ were edmlnislersd 25mo kg** of 
prodrug In aqueous solution l»y gavage. The animals were housed 
In pairs In a single Nalgene metabolism cage (Nalge Company. 
Rochester, NY, USA) and given food and water ad libitum. Urine 
was conactad over the 0-^24 h and 24-4S-h post-dose periods, 
and then filtered through O^-iim filters (MiUex-CS; Mtllipore 
Corporation. Bedtord MA, U$A) or ultrafiltered through Centrtfree 
micropartltion units (^icon Corporation, Danvers, MA. USA) by 
centrifugation at 2000 )c g tor IS min. The urine flltretes were > 
analysed by reversed-phase high-performance Oquld cfvometo- ' 
graphy (HPIX). An aliquot of the sample was applied to a 01 a 
anallytical column (Adsortiosphera. 5)im, 4.8mm ID x 25 cm; 
AlKech Assodetes/AppRed Science. Avondale. PA. USA) equip- 
ped with e eornpatible guard column. The eotumn was eluted et a 
flow rate of 1 ml mln~ * with the following three-step gradient (step 
1) a 30-min linear grsdleri from 100% mobile phase A (25mM 
ammonium formate buffer. pH 3^ to 90% A and 10% mobile 
phase B (50% CH^CN In 50 mM ammonium acetate tMJfTer, pH 
5.5); (step 2) e 6-mtn linear gradient frem 00% A and 10% 8 to 
100% B; (step 3) a 10-mln tsocratlc elutlon %vith 100% 8. The 
column was equiltbraied In 1 00% A for 1 5 mln between samples. 
The UV absortianca dl the column effluent was monitored at 254 
and 2ao nim: Estimates of the orel bloavallablltty were expressed ; . 
as the per cant of the dose (on e molar basis) that was excreted In 
the urine esecydovlr. The date on urinary racoveiy of acyclovir In 
Table 1 was estimated to have typical variability of ±4%. | 
Pharmacokinetic studlee m rsta were peilomied by methods I 
described earlier (Bumette ef at,, 1001). AntMml evaluation was * 
perfonned using a plaque reduction assay (Qonina el alL, 1982) 
using HSV-1 80 16 strain in Vero cells. 
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